Abstract. 'Nellie White' Easter lily bulbs (Lilium longiflorum Thunb.) were given 6 weeks of 5.5C, placed in the greenhouse, and divided into groups based on number of days to emergence: 0 to 6, 7 to 13, 14 to 20, or 21 to 27 days. At emergence, the shoots received 0, 1, 2, or 3 weeks of long days (LDs). The experiment was repeated for 3 consecutive years. Late-emerging plants had fewer days from emergence to visible bud and anthesis than early-emerging plants. Conse The control of Easter lily growth and development is critical for forcers due to the varying date of Easter from year to year. Current recommendations suggest an "insurance policy" consisting of 1 to 3 weeks of long days (LDs) after 6 weeks of a cold, moist treatment to ensure flower induction (De Hertogh, 1989; Weiler, 1992; Wilkins, et al., 1970) . One week is normally used on early-and 3 weeks on late-emerging plants, especially if Easter is early.
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known. The objectives of this study were to determine the effects and interactions of 0 to 3 weeks of LDs and variable emergence dates on forced Easter lilies.
Materials and Methods
Many researchers have examined the effects of LDs applied after bulbs have received a cold treatment from emergence to anthesis (Kohl and Nelson, 1963; Smith and Langhans, 1962; Weiler and Langhans, 1968, 1972) or from 30 to 45 days after emergence (Heins et al., 1982; Roh and Wilkins, 1977; Wilkins et al., 1968a Wilkins et al., , 1968b and found a decrease in the number of days to anthesis and an increase in height. While Weiler and Langhans (1968, 1972) reported that LDs decreased the number of leaves, Kohl and Nelson (1963) and Smith and Langhans (1962) found leaf count to be unaffected by LDs. Heins et al. (1982) found that 10-day intervals of LDs at various times during a 40-day period after emergence increased height, but did not change flower count. Conversely, Roh and Wilkins (1977) and Smith and Langhans (1962) noted a decreased flower count with LDs produced from incandescent sources. However, the effects of 1 to 3 weeks of LDs after 6 weeks of cold exposure has not been determined specifically.
Year 1. 'Nellie White' Easter lily bulbs (20 to 23 cm in circumference) were received on 28 Oct. 1989 and held at 18.0 ± 0.5C until they were planted 2 days later. At that time, bulbs were dipped in a solution containing commercial miticide and fungicides (Wilkins, 1988) . Bulbs were planted in 15cm-diameter (1720-ml) pots using a commercial peat-perlite-vermiculite medium (Growing Mix No. 2, Conrad Fafard, Springfield, Mass.). Bulbs initially were held at 18.0 ± 0.5C for rooting and, 15 days later, the temperature was reduced to 5.5 ± 0.5C for 6 weeks.
Adding to the difficulty of forcing Easter lilies is the yearly variation in the date of Easter lily shoot emergence (Roberts et al., 1978) . While increasing durations of cold treatment before greenhouse forcing decreased the number of days to emergence and number of days from first to last emerging shoot (De Hertogh and Wilkins, 1971a, 1971b; Stuart, 1954; Wilkins, 1980) , the precise effects of emergence date on growth and development is not On 27 Dec., bulbs were placed in a fiberglass-reinforced plastic-covered greenhouse set at 23.0/18.0C (day/night) with daily variations of +12.5/3.1 or -5.1/4.7C. Pots with emerged shoots were split randomly into four groups for treatment with 0, 1, 2, or 3 weeks of LDs at 26.7/17.2 ± 8.8/3.9C (day/night). LDs were applied by a 4-h night interruption (2200 to 0200 HR) from incandescent lamps (minimum of 12 µmol·m -2 ·s -1 photosynthetically active radiation). The remaining pots were checked daily for shoot emergence and, when four plants (or a multiple thereof) had emerged, they were placed randomly into the daylength treatments. If only one to three plants emerged, they remained under natural daylengths (lat. 36 o 07'N) until at least four had emerged. After the LD treatment, plants were returned to natural daylengths.
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The design consisted of a completely randomized factorial with weeks of LDs and emergence groups as the main components. Plants were separated into emergence groups based on date of shoot emergence after placement in the greenhouse: 1 = 0 to 6 days, 2 = 7 to 13 days, 3 = 14 to 20 days, or 4 = 21 to 28 days. Plants were considered single unit replications.
Year 2. 'Nellie White' Easter lily bulbs (20 to 23 cm in except that all responses were linear (Table 1, Fig. 1D ). Interaccircumference) were received on 20 Oct. 1990 and planted 2 days tions were found in all years, such that Group 4 plants that received later. Bulbs initially were held at 18.0 ± 0.5C for rooting and, 15 no LDs took the most days to reach anthesis, while Group 1 plants days later, the temperature was reduced to 5.5 ± 0.5C for 6 weeks. that received 3 weeks of LDs reached anthesis in the fewest days All other procedures were similar to those for Year 1.
( Tables 1 and 2 ). Year 3. 'Nellie White' Easter lily bulbs (20 to 23 cm in circumference) were received on 26 Oct. 1991 and planted 6 days later. Bulbs initially were held at 18.0 ± 0.5C for rooting and, 17 days later, the temperature was reduced to 5.5 ± 0.5C for 6 weeks. All other procedures were similar to those for Year 1.
Total plant height. Total plant height increased curvilinearly with increasing weeks of LDs and later emergence in all years and there were variable interactions (Tables 1 and 2 , Fig. 1E, Fig. 2E , data not presented for Year 1).
Results
Leaf count. In all years, leaf count was related curvilinearly to emergence date (Tables 1 and 2, Fig. 1F, Fig. 2F , data not presented for Year 1). Group 2 plants had the most leaves. Leaf count was not affected by LDs and no interactions existed in any year. Days from emergence to visible bud. In Year 2, days to visible bud from shoot emergence decreased with increasing weeks of LDs and delayed emergence (Table 1, Fig. 1B) . A similar trend was noted in Year 3, except interactions existed between LDs and the emergence group, such that Group 1 plants that received 1 week of LDs had the most days to visible bud while Group 4 plants with 3 weeks of LDs had the fewest (Table 2, Fig. 2B ). Results for Year 1 (data not presented) were similar to those for Year 3.
Flower count. In Year 2, there was a significant interaction between emergence date and LDs (Table 1, Fig. 1G ). The most flowers were on Group 2 plants, which were treated with 1 week of LDs. In Year 3, flower count was highest for Group 2 plants, lowest for Group 4 plants, and generally increased with weeks of LDs ( Table 2 , Fig. 2G ). Flower count was similar for all treatments in Year 1 (data not presented).
Days from visible bud to anthesis. Inconsistent results were obtained between years. The number of days from visible bud to anthesis for Year 2 was related curvilinearly to weeks of LDs and emergence dates, and interactions existed (Table 1, Fig. 1C ). In Year 3, days to anthesis from visible bud increased linearly with delayed shoot emergence, but was not affected by LDs (Table 2 , Fig. 2C ). In Year 1 (data not presented), days to anthesis increased with weeks of LDs as in Year 2, but was not influenced by shoot emergence date and no interactions existed.
Discussion
Days to anthesis from placement in the greenhouse. Days to anthesis decreased curvilinearly with increasing weeks of LDs, but increased with later emergence in Year 1 (data not presented) and Year 3 (Table 2 , Fig. 2D ). A similar trend was noted for Year 2, LDs reduced the number of days to anthesis but increased height (Table 1, Fig. 1 ), a response that was consistent with results of previous reports (Heins et al., 1982; Roh and Wilkins, 1977) . Plants treated with 3 weeks of LDs flowered 2 to 5 days earlier and were 2.9 to 5.2 cm taller than control plants not receiving LDs (Tables 1 and 2 , Fig. 1D and E, Fig. 2 D and E) . One or 2 weeks of LDs produced intermediate results. The decrease in days to anthesis was not due to fewer leaves, since it was not significantly affected by LD treatments. This response was similar to results obtained by Kohl and Nelson (1963) and Smith and Langhans (1962) . The time from emergence to visible bud accounted for the decrease in days to anthesis, since the number of days from visible bud to anthesis either increased by 1 to 2 days or was not influenced by LDs. The leaf unfolding rate apparently was influenced by the LD treatments.
Flower count was not affected by LDs in Year 1 (data not presented) and affected only marginally in Years 2 and 3 (Tables 1  and 2 , Fig. 1G, Fig. 2G ). Heins et al. (1982) previously noted that 10-day intervals of LDs at various times during a 40-day period after shoot emergence did not influence flower count. In contrast, Smith and Langhans (1962) found that LDs applied from shoot emergence to anthesis decreased flower count at 15.6, 18.3, and 21.1C and Roh and Wilkins ( 1977) found that using incandescent lights for 30 days of daylength extension decreased flower count when compared to natural daylength. These contrasting results probably were due to yearly variations in bulb maturity (Roberts, 1978) .
In all years, late-emerging plants reached anthesis from emergence within 3 to 11 days of early-emerging lilies despite a 16-to 22-day difference in the shoot emergence date (Tables 1 and 2 , Fig.  1A and D, Fig. 2A and D) . The difference between early-and late-emerging plants could have been due partially to late-emerging plants' having fewer leaves than early-emerging plants. However, Group 1 plants, the earliest emerging plants, had fewer leaves than Group 2 plants in all 3 years. Despite the difference in leaf count, Group 1 plants took 3 to 9 days longer to reach anthesis from emergence than Group 2 plants.
Bulb size also may have caused late-emerging bulbs to require fewer days from emergence to anthesis than early-emerging bulbs. Lange and Heins (1990) noted a faster leaf unfolding rate for bulbs with greater circumference than smaller bulbs. Plants produced by large bulbs were also taller and had more flowers and leaves than those produced by small bulbs. De Hertogh et al. (1976) found that plants from larger 'Nellie White' bulbs also had more flowers and leaves, but flowered at the same time as smaller bulbs. In addition, Roberts et al. (1978) noted that bulbs harvested late in the growing season (October) were heavier and, when they were replanted immediately for forcing, emerged quicker than bulbs harvested early in the season (August). Plants produced by the heavier bulbs subsequently flowered earlier, had fewer leaves, and were taller than those produced by the lighter bulbs. In the current study, however, the early-emerging plants reached anthesis from shoot emergence more slowly, had more leaves, and were shorter than late-emerging plants. Thus, while bulb size may have played a role in emergence date, the inconsistency between the results of our studies and those of other studies indicates the need for further research on bulb size and maturity.
Differences in bulb maturity and weight also may have caused the variation between years in response of the Easter lilies to LDs and cold (Roberts et al., 1978 (Roberts et al., , 1985 . The Year 3 plants tended to be taller than the plants in Years 1 and 2 (Fig. 1E, Fig. 2E ). In addition, while 56% of the Year 3 bulbs (Table 2 ) emerged in the first week after placement in the greenhouse, only 12% of Year 2 bulbs emerged in the first week. Also, no significant interactions (P ≤ 0.05) were found for days from emergence to visible bud in Year 2, while significant linear × linear and quadratic × quadratic interactions between LDs and cold were found in Year 3 (Tables  1 and 2 ). Interactions also varied between the years for days from visible bud to anthesis, days to anthesis, plant height, and flower count (Tables 1 and 2 ). The Year 3 bulbs may have been harvested later in the season than the Year 2 bulbs and may have been more mature than the latter. Roberts et al. (1978) noted that mature bulbs emerged in fewer days, were taller, and exhibited a decreased response to LDs than less-mature bulbs.
In summary, while LDs effectively decreased days to anthesis, the expense and time probably would be justified only for early Easters or very immature bulbs. Three weeks of LDs should be used and excessive elongation prevented by day and night tempera-
